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Cooled stallion semen has a short viable life, which ranges with acceptable motility and
viability from 24 up to 48 hours. The purpose of this study was to compare the effects
of storage pH, the ability of three different zwitterionic buffers, and cholesterol-loaded
cyclodextrins (CLC) to preserve the motility and integrity of stallion sperm cooled to
5C for 48 hours. Fourteen ejaculates were collected and split to receive CLC or not
(control group). After incubation, each sample was split into six subsamples and
diluted in KMT extender containing 4-(2-hydroxyethyl)piperazine-1-ethanesulfonic
acid (HEPES), N,N-bis(2-hydroxyethyl)-2-aminoethanesulfonic acid (BES), or 2-(N-
morpholino)ethanesulfonic acid (MES) buffers, and the ﬁnal pH was adjusted to either
7.0 or 6.6, totalizing 12 experimental groups as a function of CLC, buffer, and pH
variables (2  3  2 factorial). The motility parameters and integrity of plasma and
acrosome membranes (live cell index) were determined using computer-automated
semen analysis and epiﬂuorescence microscopy at 3, 6, 24, and 48 hours of cooling
period. According to results, pH was not a signiﬁcant source of variation for motility
and live sperm over different cooling periods. However, samples diluted in BES
exhibited higher progressive motility within 3 hours and higher percentages of total
motile cells after 48 hours of incubation at 5C (P < .05). After 24 hours of storage, CLC-
treated sperm samples presented higher motility than control group (P < .05), and after
48 hours of incubation, CLC-treated sperm exhibited higher percentages of live, motile,
and progressively motile sperms (P < .05). We inferred that equine semen diluted in
KMT containing BES as buffer and CLC treatment improve the equine sperm survival
during storage at 5C for 48 hours.
 2013 Elsevier Inc. All rights reserved.1. Introduction
The use of cooled semen for artiﬁcial insemination is one
of the most important techniques for equine breeding.
Although sperm stored at 5C remain viable longer than
those held at body or room temperature, sperm motility,
membrane integrity, and fertility decrease over time,, DVM, PhD, Santo
to, 340, Jardim das
respilho).
ll rights reserved.requiring the sperm to be inseminated within 24-48 hours
[1]. This limits the use of cooled semen for some equine
production centers. Many factors affect the fertility rate of
cooled semen, including differences inherent not only to the
individual stallion but also to the semen processing and
coolingmethodology, aswell as thesemendiluentused [1-3].
Diluent components play an important role in sperm
survival at low temperatures by maintaining the environ-
ment or by directly or indirectly affecting spermmembranes.
Generally during storage, sperm and contaminant bacteria
producemetabolites thatmay reduce the pHof the extender,
and both the spermmetabolismand themotility are reduced
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ionic buffers should be used to resist the change inpHduring
cooling [5], and may be crucial in semen preservation.
Some reports dealing with effects on spermmembranes
indicate that cholesterol-loaded cyclodextrins (CLC)
increase the cholesterol content of stallion sperm
membranes, and this increases sperm cryosurvival rates
[6,7]. In addition, new diluents for cooling stallion semen
have been developed in efforts to improve the environment
for stallion spermatozoa and increase their longevity [1].
The objectives of this study were to determine whether
adding cholesterol to sperm and diluting the sperm in
diluents containing different zwitterionic buffers (4-(2-
hydroxyethyl)piperazine-1-ethanesulfonic acid [HEPES],
N,N-bis(2-hydroxyethyl)-2-aminoethanesulfonic acid [BES],
or 2-(N-morpholino)ethanesulfonic acid [MES]), with
different effective pKa values and pH, would beneﬁt stallion
sperm cooled to 5C for 48 hours.
2. Material and Methods
2.1. CLC Production
CLC were prepared as described by Purdy and Graham
[8] and according to Spizziri [9]. Brieﬂy, the process
included 1 g of methyl-cyclodextrin dissolved in 2 mL of
methanol in a glass test tube. In a second glass test tube,
200 mg of cholesterol was dissolved in 1 mL of chloroform,
and 0.45 m L of aliquot of the solute was added to the
methyl-cyclodextrin solution. Both cyclodextrin and
cholesterol solutes were mixed, and the outcoming
solvents removed using a stream of nitrogen gas. The
resulting crystals were stored at 22C for further use. A
working solution of CLC was prepared by adding 50 mg of
CLC to 1 mL of modiﬁed Tyrode diluent (TALP) [10].
2.2. Semen Collection and Processing
Semen from eight light horse stallions housed at the
Colorado State University Equine Reproduction Laboratory
was used for this study. Stallions were maintained under
the guidelines presented by the Colorado State University’s
Animal Care and Use Committee. Sixteen ejaculates (n ¼ 2
ejaculates/stallion) were collected using a CSU Model
Artiﬁcial Vagina (Animal Reproduction Systems, Inc., Chino,
CA), and the sperm concentration and total motility were
determined using a densimeter (Animal Reproduction
Systems, Chino, CA) and a computer-assisted sperm anal-
ysis (Hamilton Thorne Biosciences, Beverly, MA) system,Table 1
Percentages (mean  SEM) of motile (Mot) and progressively motile (Prog) stal
HEPES, BES, or MES as the buffer (n ¼ 14 ejaculates)
Buffer 3 Hours 6 Hours
Mot Prog Mot Prog
HEPES 76.11  2.52a 29.71  2.03a 75.84  1.98a 29.14  1.72a
BES 80.57  3.10a 33.96  1.95b 80.11  2.24a 35.93  1.90b
MES 76.61  2.62a 31.96  1.96a 76.39  2.55a 30.79  2.02a
SEM, standard error of the mean; HEPES, 4-(2-hydroxyethyl)piperazine-1-ethan
MES, 2-(N-morpholino)ethanesulfonic acid.
a,bValues with different superscripts in the same column are signiﬁcantly difrespectively. Only ejaculates containing >50% total motile
sperm were used (14 samples were considered). Each
ejaculate was diluted 1:1 (vol:vol) with TALP and split. One
half was treated with CLC (3.0 mg/120  106 sperm) and
incubated for 10 minutes at 22C. The other half was left
untreated (control). After incubation, each sample was split
into six subsamples and diluted to 30 106 sperm/mL with
KMT diluent [11] containing 20% of egg yolk and HEPES
(pKa ¼ 7.5), BES (pKa ¼ 7.1), or MES (pKa ¼ 6.1), each at 10
mM and the pH adjusted to either 7.0 or 6.6 by adding citric
acid. The diluted semen samples were stored in glass test
tubes and then cooled to 5C for 2 hours (0.25C/min) in
a dark cooled room, where they remained for 48 hours
under controlled temperature.
Subsamples (1 mL) were removed at 3, 6, 24, and 48
hours, warmed to 37C, and their motion parameters
(percentages of motile, progressively motile, and the
average path velocity) determined by computer-assisted
sperm analysis using a 2X-Cell Chamber (Hamilton
Thorne Biosciences, Beverly, MA). The parameters for
motility analysis were as follows: 45 frames acquired at 60
frames/s; minimum contrast, 70; minimum cell size, 4
pixels; lower average path velocity cutoff, 20 mm/s; lower
straight line velocity cutoff, 0 mm/s; average path velocity
cutoff for progressive cells, 50mm/s; and straightness, 75%.
Plasma and acrosomal membranes integrity were
determined using the combination of 6 mL of propidium
iodide (1 mg/mL in water) and 20 mL of Fluorescein
isothiocyanate -Peanut agglutinin (FITC-PNA) (1 mg/mL in
phosphate-buffered saline) in 150 mL of diluted semen. After
7 minutes of incubation at 22C, the samples were imme-
diately evaluated by epiﬂuorescence microscopy (Nikon,
Tokyo, Japan). The percentage of live sperm cells was
deﬁned as the percentage of cells with membranes imper-
meable to propidium iodide and FITC-PNA (%).
2.3. Statistical Analysis
The general linear model analysis of variance was
applied to identify differences in sperm motility and
viability characteristics, and treatment means were sepa-
rated using StudenteNewmaneKuels mean separation
technique. Statistical signiﬁcancewas established at P< .05.
3. Results
Sperm motion parameters and integrity were similar for
sperm incubated at pH 7.0 and 6.6 (P> .05). The percentages
of sperm possessing intact membranes were 64%, 62%, 55%,lion sperm stored at 5C for 3, 6, 24, and 48 hours in diluents containing
24 Hours 48 Hours
Mot Prog Mot Prog
62.29  3.79a 20.54  2.53a 42.29  3.97a 11.64  1.87a
66.61  3.91a 26.00  2.20b 54.21  5.11b 18.07  2.47a
59.64  2.51a 18.56  2.28a 44.32  3.98a 11.43  1.36a
esulfonic acid; BES, N,N-bis(2-hydroxyethyl)-2-aminoethanesulfonic acid;
ferent (P < .05).
Table 2
Percentages (mean  SEM) of motile sperm (Mot) and progressively motile sperm (Prog), the average path velocity (VAP), and the percentages of cells with
membranes impermeable to propidium iodide and FITC-PNA (LIVE) for control and CLC-treated (CLC) stallion sperm after storage at 5C for 3, 6, 24, and 48
hours (n ¼ 14 ejaculates)
Parameter 3 Hours 6 Hours 24 Hours 48 Hours
Control CLC Control CLC Control CLC Control CLC
Mot 77.43  1.58 79.36  1.56 76.46  1.33 78.12  1.26 59.51  2.35 66.95  2.04a 41.94  2.56 51.38  2.51a
Prog 31.88  1.15 32.01  1.15 31.62  1.13 31.88  0.99 21.30  1.37 23.30  1.20 12.05  1.16 15.45  1.16a
VAP 88.76  1.61 89.45  1.46 85.77  1.44 86.32  1.29 72.42  1.53 75.45  1.50 61.46  1.63 67.38  1.78a
LIVE 62.46  1.53 66.39  1.51 61.18  1.57 64.10  1.43 52.48  1.66 57.98  1.20a 40.08  2.03 48.74  1.86a
SEM, standard error of the mean; CLC, cholesterol-loaded cyclodextrins.
aCLC-treated mean is different from control within a time period, at P < .05.
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respectively, and all zwitterionic buffers maintained similar
percentages of live cells (P< .05). However, sperm diluted in
KMT containing BES as the buffering compound exhibited
higher percentages of progressively motile sperm within 3
hours of incubation and higher percentages of motile sperm
after 48 hours of incubation at 5C (P < .05, Table 1).
Sperm treated with CLC exhibited higher percentages of
motile sperm after 24 hours of incubation at 5C (P < .05),
and after 48 hours incubation, CLC-treated sperm exhibited
higher percentage of live cells, motile sperm, and
progressively motile sperm (P < .05, Table 2). In addition,
the velocity of the motile cells was higher for CLC-treated
sperm after 48 hours of incubation (P < .05).
4. Discussion
The efﬁciency of transported stallion semen continues
to be limited by schedule of transportation and lack of
diluents that will maintain acceptable motility of sperma-
tozoa from most stallions beyond 24-48 hours [12]. It was
hypothesized that incubating sperm at a lower pH (6.6)
would depress sperm metabolism and thereby increase
sperm life span. However, incubating sperm at a pH of 6.6
did not affect any of the sperm parameters measured.
Similarly, Purdy et al. [13] demonstrated that pH was not
a signiﬁcant source of variation to cooled boar semen, and
that it was not related to signiﬁcant changes in quality of
diluted semen over time.
Additionally, the different zwitterionic buffers did not
affect sperm membrane integrity; however, sperm incu-
bated in BES exhibited higher motility than sperm main-
tained in media containing HEPES or MES. Graham et al.
[14] reported similar results for bull sperm incubated in
diluents containing these zwitterionic buffers. Zwitterionic
buffers maintain the pH of a diluent, but they also possess
other capabilities. For example, BES actively binds the
heavy metal copper, and it is possible that the efﬁciency
with which BES binds heavy metals may have contributed
to the higher sperm motility in samples containing BES.
Although increasing the cholesterol content of sperm
membranes has been shown to increase the cryosurvival of
stallion sperm [6,7], it is also effective in protecting sperm
from cooling damage. This greater cholesterol content may
prevent sperm from capacitating prematurely and may in
fact increase viability of both cryopreserved [9] and cooled
stallion spermatozoa.
However, because adding cholesterol to sperm
membranes may alter the ability of these sperm tocapacitate [5,15], additional studies are necessary to
determine how to add and remove cholesterol to stallion
sperm without affecting sperm viability.5. Conclusion
Adding cholesterol to stallion sperm before cooling to
5C increases the survival of the cells for up to 48 hours. In
addition, supplementing the cooling diluent with BES, as
the buffering compound, also beneﬁted the motility of
cooled sperm. However, reducing the pH of the medium
from 7.0 to 6.6 did not affect any of the sperm parameters
measured.Acknowledgments
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